I. Introduction
In August, 1998, after heavy rains, brothers Hiroshi and Yasushi Yokoyama were walking in a forest in Higashi-baro, Yubetsu, Hokkaido, looking for edible wild plants. During their search, they found a proboscidean molar in a brook (Fig. 1) . Thereafter, H. Yokoyama donated the specimen to the Yubetsu-cho Board of Education. Subsequent studies of the specimen and a geological survey at the site have revealed that the molar fossil is assignable to Palaeoloxodon naumanni and its age is about 30 ka. This specimen is much younger than finds of P. naumanni previously reported in Hokkaido, being within the age range of Mammuthus primigenius.
In this paper, the Yubetsu specimen is described, and alternating replacement of two kinds of proboscidean, MM primigenius and P.
naumanni, in the northern part of the Japanese Islands is discussed in relation to climatic fluctuations in the Late Pleistocene.
II. A note on stratigraphy
Stratigraphical description of the site of occurrence:
The Yubetsu specimen was found in a small lying in a small ravine about 150m long (Fig. 1 gravel layer, a primary fall unit of fine volcanic ash layer (Ash 1), a peaty silt layer, and a rounded gravel layer (Fig. 2 , Column b). Particularly, the volcanic ash layer is an important marker for understanding the stratigraphic correlation and for determining the age determination of the deposits in and around the occurrence point of this fossil molar. An artificial outcrop was excavated near the fossil molar locality (Fig. 1 , Loc. a) to clarify the strata from which it might have been derived. The outcrop is about 2m wide and about 3m high, and the strata were similar to those at Loc. b (Fig. 1) ,10m downstream. The sequence starts from a basement rock of shale corresponding to the Yubetsu Group of Cretaceous to Paleogene strata (Tajika and Yahata, 1991) , through a subangular small-gravel bed with thin, peaty silt layers and a peaty silt bed, to an angular gravel bed at the top (Fig. 2, Column a) . A thin lens of fine volcanic ash, which has a close resemblance to the tephra at Loc. b (Fig.  1) , is recognized in the peaty silt bed (Ash 2).
Analysis method of tephra:
The procedure for preparation of samples of tephra was as follows: 1) washing by ultrasonic cleaner, 2) grain separation by sieving, and 3) observation of minerals under a stereomicroscope.
Volcanic glass type, glass color, and mineral composition of Ash 1 were identified under the stereomicroscope.
The refractive indices of volcanic glass shards and heavy minerals were measured by RIMS-2000 as described by Yokoyama and Yamashita (1986) and Danhara et al. (1992) . Major chemical components of the volcanic glass was measured with an electron probe micro-analyzer (EPMA), following the same procedures as Aoki and Arai (2000) .
Characteristics
of tephra:
Ash 1 is a well-sorted, crystal-rich ash. The maximal length of pumice particles contained in it is about 2-3mm, and that of heavy minerals is 1-2mm.
The mineral content is as follows: light minerals 69%, orthopyroxene 14 %, and amphibole 7%. Volcanic glass shards comprising 10% of the content are composed of white and well-bubbled pumice. The refractive indices of the minerals are as follows: glass (n) (n2) 1.672-1.679. These petrographic characters resemble those of Ash 1. Therefore, both ash layers seem to belong to the same tephra.
Correlation of tephra:
There are four marker-tephra layers of Late Pleistocene age in the study area: DaisetsuOhachidaira (Ds-Oh: Nakamura and Hirakawa, 2000) , Shikotsu pumice fall 1 (Spfa-1: Katsui, 1958) , Kussharo-Shoro (Kc-sr: Arai et al., 1986 ) and Toetoko(Tsk:
Okumura, 1991). The major volcanic glass of Ash 1 is characterized by high The Ds-Oh tephra, a marker of late Pleistocene age, was confirmed around the fossil locality. In addition, wood fragments and seeds from above and below the Ds-Oh bed at both loci were measured by AIMS or by a radiometric method (Table 2) , and all materials indicate more than 44,000yrs BP, beyond the measurable boundary.
Although the Ds-Oh tephra has been reported to be as old as about 30ka (Katsui et al., 1979; Nakamura et al., 1999; Nakamura and Hirakawa, 2000) , all ages of wood fragments and seeds just above and below both ashes (Ds-Oh tephra) are much older than this. The identification of the Ds-Oh tephra seems to be correct, and we cannot explain well this discordance of age. It may be that the wood fragments were derived from older sediments, such as the lower subangular small-gravel bed at Loc. a (Fig. 1) .
Recently, Machida and Arai (2003) revised the age of Ds-Oh as >30ka, and the age of the just underlying marker tephra, Spfa-1, as 40 to 45ka. Both had been dated as 30ka and 31 to 34 ka, respectively, by Machida and Arai (1992) . This suggests that the age of Ds-Oh is a little older than 30ka, but the age discordance still remains.
Age determination of the Ds-Oh tephra will be a subject for future research, but 220yrs BP (measured 14C age). Sample number: HB-1 (Laboratory Number: Beta-134800).
The medial portion of the original molar has been lost to attrition, and only the distal portion of the molar remains. The roots are almost lost. Measurements of specimen are given in Table 3 , following the methodology of Takahashi (1991), slightly modified in part. The size of the whole molar is slightly smaller than the average of previously recorded second molars of P. naumanni.
The pericoronal cementum and lingual portion of the first plate are absent. The whole enamel loops are narrow in mesialdistal section.
The first and second enamel loops are expanded in the center. In the third loop, the mesial margin projects slightly mesially, whereas in the fourth and fifth loops, the mesial margin of the loop runs parallel with the distal one. The sixth loop is constricted on both sides, whereas the seventh loop is constricted on the buccal side only. The eighth loop is a half plate.
The enamel is relatively thick, and enamel folding is clearly visible in the center part of the enamel loop in each plate. In side view, plate height is seen to be low, even in the distal plates. Furthermore, the lateral fissure is not visible in any plate. These features together indicate that this molar is well worn. The (Matsumoto, 1929; Ishikari Lowland Research Group, 1963; Kamei, 1970 Kamei, , 1978 Kamei et al., 1971, One additional specimen from Hokkaido was reported by Naora (1954) , but it is unclear whether it actually originated from there. Only two of these specimens, the Kuriyama and Churui specimens, have had their horizons reported in detail.
The Kuriyama specimen was described first by the Ishikari Lowland Research Group (1963) . It was reported from the lower part of the Kakuta Formation which was estimated to consist of sediments of the Wurm Glacial or the Riss-Wurm Interglacial age. Subsequently, Uma-oi Collaborative Research Group (1987) examined this area. They concluded that the Kuriyama specimen had originated from the late Late Pleistocene Misato terrace deposit, based on evidence from the stratigraphic and tectonic setting of the formation.
Recently, Nojo et al. (2002) reexamined the geological features of this area and reported that the specimen had certainly originated from the Lower Kakuta Formation. Thus, discussions concerning the horizon of the Kuriyama specimen are ongoing, and it has not yet been determined clearly.
The Churui specimen was discovered in the Horokayantoh Formation.
There have been two different opinions as to the age of this formation : the Riss-Wurm Interglacial age (Tokachi Collaboration Research Group, 1971; Matsui et al., 1978) and the Mindel-Riss Interglacial age (Osanai et al., 1971) . Akamatsu et al. (1990) demonstrated that the specimen's age is about 120ka. This was based on a study of the pollen assemblage and the discovery of the Kutcharo-Haboro tephra (Kc-Hb), which was deposited about 110ka (Nakamura and Hirakawa, 2000) , in a horizon 5m above the Churui specimen. This age (120ka) of the Churui specimen corresponds to MIS 5e, which is generally considered to have been the warmest period during the Last Interglacial Age. Studies of pollen assemblages and macro plant fossils have revealed the presence of deciduous broad-leafed trees such as Fagus crenata, Styrax japonicus, and Corylus heterophylla var. thunbergii together with boreal conifers such as Abies sachalinensis and Picea flehnii (Yano, 1972 (Yano, , 1978 . These features indicate the vegetation around the Tokachi plain at that time to have included mixed boreal coniferous and deciduous broad-leafed woodland.
This shows that the temperature of this period was almost the same or a little cooler than at present in Hokkaido.
The Yubetsu specimen reported here was dated at about 30ka (Table 2) . It is well known that from about 34ka to 26ka there was a slight amelioration of MIS 3. During this period, the vegetation of the Ishikari Lowland area in western Hokkaido was dominated by deciduous broadleaf trees such as Betula, Alnus, Ulmus, and Quercus, together with Tsuga and boreal conifers (Igarashi and Kumano, 1981) . This shows that the temperature of this period was warmer than that of the preceding from Hokkaido The locality numbers in the figure are the same as in Tables  4 and 5 . niferous and deciduous broad-leafed woodlands existed at about 120ka and about 30ka.
On the other hand, nine specimens of M. primigenius have also been reported from almost the same area of Hokkaido where the specimens of P. naumanni were found (Makiyama, 1938; NMinato, 1955; Kamei, 1987; Nakaya et al., 1992; Yamada et al., 1996, Fig. 4) . Among these specimens, six were associated with a horizon or age; however, the ages of the first and second Ogoshi specimens are uncertain. The ages of the other four specimens Modified from Igarashi (1993) . have been reported as 50-40ka and about 20 ka (Table 5) .
At 50-40ka, the vegetation in Hokkaido included taiga forest composed mainly of Larix gmelinii, Picea pumila, and Picea jezoensis. In the Last Glacial Maximum (about 20ka), the northeastern half of Hokkaido, where the specimens of M. primigenius occurred, was covered with an open forest of taiga with grassy plains (Igarashi et al., 1989 (Igarashi et al., , 1990 Igarashi, 1993 Before the Yubetsu specimen was discovered, it had been presumed that P. naumanni occurred in Hokkaido in the warm period around 120ka, but that only M. primigenius occurred there from 50ka to 20ka. Following the discovery at Yubetsu, it became clear that the ages and the habitats of the two species in Hokkaido were different (Fig. 5 ). This suggests that these two species were adapted to their preferred environments as mentioned above, and they migrated either north or south with northward expansion of the cool-temperate forests or southward expansion of the open forest taiga in MIS 3. These fluctuations in vegetation zone were a consequence of global climate changes.
The presence of P. naumanni in Hokkaido at 30ka raises a question about the linkage between Honshu and Hokkaido. The role of the Tsugaru Strait between Hokkaido and Honshu Islands as a biogeographical barrier has been discussed in relation to the maximum drop of sea level during the last glaciation (Minato, 1966; Oba,1988; Ohshima, 1990) . For example, Kawamura (1985 Kawamura ( , 1989 Kawamura ( , 1998 proposed the existence of an "icebridge" instead of a landbridge during this period, and insisted that the Tsugaru Strait has not formed a barrier for large mammals with a migratory habit in recent times. We ourselves do not have any new data concerning the landbridge between Hokkaido and Honshu; the discovery of P. naumanni remains from about 30ka in Hokkaido, however, suggests the possibility of a northward migration from Honshu during MIS 3.
Many arguments have been predicated mainly on the existence of a landbridge that enabled animals to migrate. For successful migration, however, the newly-colonized area must possess a suitable climate and vegetation for the animals. Even if an uncolonized area becomes accessible, the presence of unsuitable vegetation will halt or reverse any migratory trends. In this context, the Yubetsu specimen may illustrate the converse, a case where a strait is narrow and suitable vegetation is continuous, so animals that have a good swimming ability, such as elephants, can migrate over the strait. Such a possibility is supported by the examples the proboscideans populations of the Channel Islands in California (Roth, 1996) and of Sulawesi in Indonesia (van den Bergh, 1999) . This topic will be discussed in more detail in the future, when additional evidence will have been accumulated.
